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ABSTRACT

Aim: This study aims for comparative evaluation of the efficacy of EDTA, PAA, HEBP, Distilled water on push-out bond
strength of Resin based sealers at three different root levels of endodontically treated mandibular premolars.

Materials and methods: The study utilized 100 freshly extracted mandibular single-rooted premolars collected from patients
aged 20—45 years through the Department of Oral and Maxillofacial Surgery and dental outreach camps of New Horizon
Dental College and Research Institute, Bilaspur. Teeth extracted for orthodontic reasons and meeting inclusion criteria—
single canals, intact apices, no caries, cracks, restorations, or severe anatomic variations—were cleaned and stored in normal
saline. After decoronation at the cementoenamel junction to standardize length to 15 mm, access cavities were prepared, and
working lengths were determined using an apex locator. Root canal instrumentation was carried out using Protaper Universal
rotary files up to size F3.

Results: The current study revealed a significant impact by the chemicals contained in irrigating solutions on bond strength
to dentine in a push-out test of an epoxy resin sealer. Furthermore, sealing ability and bond strength strongly correlated with
each other.

Conclusion: Mandibular premolars were tested in this study to evaluate the Push-Out Bond Strength of various sealers. AH
Plus sealer, regarded as the gold standard, consistently showed superior bond strength across all root levels. Epoxy sealers
outperformed Adseal, Dia-Proseal, and RC Seal in this aspect. Among the irrigation agents, EDTA and HEBP demonstrated
significantly higher bond strength compared to PAA and distilled water, with AH Plus consistently exhibiting better
performance than all other sealers. Notably, AH Plus showed the highest bond strength at the apical third, followed by the
coronal and then the middle third. In contrast, EpoxySeal, Adseal, Dia-Proseal, and RC Seal displayed the highest bond
strength at the apical third, followed by the middle and least at the coronal third. These findings highlight the superior efficacy
of EDTA and HEBP, particularly in enhancing the apical bond strength of AH Plus, suggesting the need for further long-
term clinical studies using similar irrigation protocols and sealers to confirm these results
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1. INTRODUCTION

Root canal treatment involves several critical steps—accessing the infected pulp, cleaning and shaping the canal, disinfecting
it, and sealing the space to prevent reinfection. A key component in achieving long-term success in endodontics is the use of
endodontic sealers, which help ensure a tight seal between the gutta-percha and dentin walls. Gutta-percha alone does not
adhere to the canal walls, so sealers are essential to prevent bacterial leakage, support antimicrobial activity, and promote
healing.!>3

Among the different types of sealers available, resin-based sealers are popular due to their excellent sealing ability,
biocompatibility, dimensional stability, and antimicrobial properties. These sealers typically include resin monomers, fillers,
initiators, plasticizers, thickeners, and radio-opacifiers. They offer strong adhesion to dentin and gutta-percha, making them
durable and resistant to leakage, with a fast setting time and ease of application.*>¢

Some of the commonly used resin-based sealers include AH Plus, EpoxySeal, ADSEAL, DIA-PROSEAL, and RC Seal.
These sealers differ slightly in composition but generally provide strong bonding, radiopacity, antimicrobial effects, and
compatibility with obturation techniques. Their effectiveness largely depends on their interaction with the dentin surface,
which may be compromised by the presence of a smear layer formed during biomechanical preparation.”?

The smear layer, consisting of both organic and inorganic debris, impairs the bond between sealers and dentin by blocking
sealer penetration into dentinal tubules. Thus, effective smear layer removal through irrigation is essential to improve the
push-out bond strength of sealers. Sodium hypochlorite (NaOCl), though commonly used, cannot dissolve inorganic material,
prompting the use of chelating agents such as EDTA, peracetic acid (PAA), and etidronic acid (HEBP) for complete smear
layer elimination.*!°

Each irrigant offers distinct advantages: EDTA (15—-17%) and PAA (1-2.25%) exhibit strong chelating and antimicrobial
properties, while HEBP (9—18%) offers low toxicity and compatibility with other irrigants. Distilled water is sometimes used
as a final rinse to eliminate residual chemicals and debris, enhancing the effectiveness of subsequent obturation. !>

To evaluate how these irrigation regimes affect the bonding performance of resin-based sealers, push-out bond strength
testing was conducted. This involved applying compressive loads using a universal testing machine (Instron) at different root
levels, measuring the force required to dislodge the sealer in megapascals (MPa). Comparing these values across different
sealers and irrigation combinations provided insights into optimal clinical practices for improving endodontic outcomes.

2. MATERIALS AND METHODS

The study utilized 100 freshly extracted mandibular single-rooted premolars collected from patients aged 20—45 years
through the Department of Oral and Maxillofacial Surgery and dental outreach camps of New Horizon Dental College and
Research Institute, Bilaspur. Teeth extracted for orthodontic reasons and meeting inclusion criteria—single canals, intact
apices, no caries, cracks, restorations, or severe anatomic variations—were cleaned and stored in normal saline. After
decoronation at the cementoenamel junction to standardize length to 15 mm, access cavities were prepared, and working
lengths were determined using an apex locator. Root canal instrumentation was carried out using Protaper Universal rotary
files up to size F3.

The 100 teeth were randomly divided into four experimental groups (n = 25 each) based on the final irrigation regimen used:
Group I — 5% NaOCl + 17% EDTA, Group II — 5% NaOCl + 2.25% PAA, Group III — 5% NaOCl + 18% HEBP, and Group
IV — distilled water (control). During canal preparation, 1 ml of 5% NaOCI was used at each instrument change for Groups
I to III. All irrigants were activated ultrasonically. Final irrigation was performed with 1 ml of the respective chelating
solution or distilled water.

Each group was further subdivided into five subgroups (n =5 each) based on the sealer used for obturation with gutta-percha:
Subgroup A — AH Plus, Subgroup B — DIA-PROSEAL, Subgroup C — EpoxySeal, Subgroup D — ADSEAL, and Subgroup
E — RC Seal. The obturated samples were stored in 100% humidity at 37°C for one week to allow for complete sealer setting.
After incubation, each root was sectioned horizontally to produce 2 mm thick slices at coronal, middle, and apical levels for
bond strength testing.

The push-out bond strength was measured using a Universal Testing Machine at a cross-head speed of 2 mm/min. Plungers
of different diameters (1 mm for coronal, 0.8 mm for middle, and 0.3 mm for apical slices) were used according to root level.
Bond strength in megapascals (MPa) was calculated by dividing the maximum load (N) by the bonding surface area,
determined using the formula for the lateral surface area of a conical frustum: Area = m (R1 + R2) x \((R1 — R2)? + H?),
where H is the slice height, and R/ and R2 are the internal radii of the wider and narrower ends, respectively.
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3. RESULTS

Table 01: Showing study involving 4 groups containing 25 samples each, which is further subdivided into 20
samples each are as follows:

Group Irrigants

Group 1 5 % NaOCl followed by 17% EDTA;

Group 2 5 % NaOCl followed by 2.25% PAA;

Group 3 5 % NaOCl followed by 18% Etidronic Acid / HEBP;
Group 4 Distilled water (Control);

Push-out bond strength testing was conducted using a computerized Universal Testing Machine (Model No. UNITEST-10,
ACME Engineers, Pune) with +1% accuracy and a cross-head speed of 2 mm/min. Testing was performed at Praj Dental
Laboratory, Pune. Plunger diameters were selected based on root section: 1 mm for the coronal third (area = 7.53 mm?), 0.8
mm for the middle third (area = 6.91 mm?), and 0.3 mm for the apical third (area = 6.28 mm?). Bond strength (MPa) was
calculated using the formula: Push-out strength = maximum load (N) / bonding surface area, with area derived from the
conical frustum formula: Area = m(R1 + R2) V((R1 — R2)? + H2), where H is the slice height, R1 the larger internal radius,
and R2 the smaller. The samples were categorized under four main groups based on irrigation regimens (Group I — NaOCl
+ EDTA, Group II — NaOCl + PAA, Group III — NaOCl + HEBP, and Group IV — distilled water control), each further
subdivided into five subgroups based on the type of sealer used with gutta-percha (Subgroup A — AH Plus, B — DIA-
PROSEAL, C — EpoxySeal, D— ADSEAL, and E — RC Seal). Push-out bond strength was recorded for each specimen at the
coronal, middle, and apical thirds, reflecting the combined influence of irrigation regimens and sealers on bonding efficacy.

Table 2: Pushout bond strength of samples irrigated with different irrigation regimen and obturated with AH plus

sealer.
Sealer AH plus
Irrigant Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
EDTA
Cervical 3.73 3.74 3.74 3.7 3.72
Middle 3.65 3.69 3.6 363 3.67
Apical 4.68 4.49 4.53 4.54 4.59
HEBP
Cervical 3.67 3.69 3.68 3.62 3.67
Middle 3.52 3.49 3.45 3.46 3.38
Apical 4.38 433 4.28 4.18 4.26
PAA
Cervical 3.4 3.43 3.38 3.27 3.44
Middle 3.21 3.24 3.23 3.22 3.28
Apical 3.79 3.78 3.67 3.54 3.62
Distal. Water
Cervical 2.54 2.56 2.58 2.51 243
Middle 2.29 2.33 2.32 233 2.34
Apical 3.5 3.43 3.38 3.49 3.47
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Table -03: Pushout bond strength of samples irrigated with different irrigation regimen and obturated with
EpoxySeal sealer;

Sealer EpoxySeal

Irrigant Sample- 1 Sample- 2 Sample- 3 Sample- 4 Sample- S
EDTA

Cervical 3.11 3.17 3.09 3.12 3.15
Middle 3.54 3.59 3.53 3.56 3.52
Apical 4.03 4.02 4.05 4.08 4.07
HEBP

Cervical 3.05 3.08 3.02 3.04 3.01
Middle 3.4 3.45 3.43 3.42 3.46
Apical 3.99 3.98 3.93 3.94 39
PAA

Cervical 2.75 2.76 2.7 2.79 2.75
Middle 2.9 2.87 2.84 2.88 2.89
Apical 3.49 3.13 3.18 3.15 3.17
Distal. Water

Cervical 2.12 2.17 2.15 2.13 2.11
Middle 2.43 2.47 2.45 241 241
Apical 3.19 3.13 3.18 3.15 3.17

Table -04: Pushout bond strength of samples irrigated with different irrigation regimen and obturated with

ADSEAL sealer;
Sealer ADSEAL
Irrigant Sample- 1 Sample- 2 Sample- 3 Sample- 4 Sample- 5
EDTA
Cervical 291 2.9 2.93 2.94 2.98
Middle 3.45 3.47 3.48 3.5 3.43
Apical 3.93 3.87 3.9 3.92 3.95
HEBP
Cervical 2.8 2.88 2.83 2.84 2.87
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Middle 3.93 3.87 3.9 3.92 3.95
Apical 3.84 3.89 3.85 3.82 3.87
PAA

Cervical 2.54 2.51 2.53 2.5 2.59
Middle 2.64 2.67 2.63 2.31 2.65
Apical 3.38 3.37 33 3.39 3.35
Dist. Water

Cervical 2.09 2.07 2.05 2.03 2.04
Middle 2.32 2.27 2.3 2.39 2.25
Apical 2.89 29 2.84 2.99 3.01

Table -05: Pushout bond strength of samples irrigated with different irrigation regimen and obturated with DIA

PROSEAL sealer;

Sealer DIAPROSEAL

irrigant Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
EDTA

Cervical 2.57 2.58 2.59 2.5 2.53
Middle 3.32 3.3 3.31 3.34 3.33
Apical 3.82 3.8 3.81 3.87 3.85
HEBP

Cervical 2.46 2.53 2.58 2592 2.51
Middle 3.12 3.13 3.14 3.17 32
Apical 3.54 3.58 3.57 35 3.53
PAA

Cervical 2.23 2.25 2.27 23 2.28
Middle 2.39 2.34 2.35 231 2.32
Apical 3.16 3.17 3.15 32 3.18
Dist. Water

Cervical 1.9 1.93 1.96 1.87 1.81
Middle 2.19 2.25 2.28 23 2.22
Apical 2.77 2.8 2.73 2.67 2.75
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Table -06: Pushout bond strength of samples irrigated with different irrigation regimen and obturated with RC
Seal sealer;

Sealer RC Seal
Irrigant Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
EDTA
Cervical 2.02 2.07 2.08 2.05 2.01
Middle 2.28 2.27 2.25 221 2.22
Apical 2.58 2.51 2.59 2.53 2.57
HEBP
Cervical 1.92 1.87 1.93 1.91 1.9
Middle 2.11 2.12 2.19 22 2.21
Apical 2.45 2.47 243 2.39 2.31
PAA
Cervical 1.67 1.49 1.53 1.64 1.68
Middle 2.01 2.06 1.96 1.99 2
Apical 2.34 2.32 2.39 2.28 2.31
Dist. Water
Cervical 1.19 1.17 1.11 1.09 1.15
Middle 1.82 1.85 1.8 1.87 1.79
Apical 2.2 2.11 2.25 2.19 223
PUSHOUT BOND STRENGTH
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4. DISCUSSION

Ensuring that root canal filling material adheres to the dentinal walls is a highly desirable physical feature for the long-term
clinical efficacy of endodontic therapy, as it prevents fluid from percolating between the regions of obturation '* . Endodontic
sealers aid in adhesion to root canal dentin, preserving the integrity of the sealer-dentin interface, and prevent dislodgement.
The main objective of root canal obturation is to create a strong bond between filling materials and dentinal walls'# . This is
achieved by combining a solid obturation substance with an endodontic cement that binds to dentin and maintains
dimensional stability for a hermetic seal. The Push Out Bond Strength of root canal sealers is an important factor to consider
in an endodontic treatment ', The adhering ability of a sealer to the root canal walls can influence the success of the root
canal treatment by preventing microleakage and bacterial penetration.

The present study was designed to examine the effect of 17% EDTA, 18% Etridonic acid, Distilled water and 2.25 %
Peracetic acid on the sealing ability and push-out bond strength of various root canal sealer to root dentine. The null
hypotheses tested were: (1) there was no difference in the efficacy of different irrigants on the push-out bond strength of
various sealers at different root levels, (2) there was no difference in the push-out bond strength of various sealers. and, (3)
there was no difference in the push-out bond strength measured at three different root levels. The first null hypothesis was
rejected as, there was difference in the efficacy of different irrigants on the push-out bond strength of various sealers at
different root levels. The second null hypothesis was also rejected as, there was difference in the push-out bond strength of
various sealers. The third null hypothesis was too rejected that, there is difference in the push-out bond strength measured at
three different root levels: apical, middle and coronal.

The current study revealed a significant impact by the chemicals contained in irrigating solutions on bond strength to dentine
in a push-out test of an epoxy resin sealer. Furthermore, sealing ability and bond strength strongly correlated with each other.
Adhesion is a clinically desirable property of root canal sealers. Ideally, these materials should not shrink and bond
effectively to both the surrounding substrates: the root canal walls and the core root-filling material (Grossman 1976). Upon
introduction of adhesive root-filling materials, it was claimed that methacrylate-based sealers, which are rooted in adhesive
technology developed for restorative dentistry and thus aimed to adhere to coronal dentine100, could minimize leakage by
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increasing the seal between the core root-filling material and the root canal walls (Schwartz 2006).

In this study, the push-out test method was used to test the dentine bond strengths of different root canal sealers. Extrusion
testing in dentistry was first described by Roydhouse (1970). Kimura (1985) concluded that push-out testing tended to reduce
the values for bond strength to dentine. Haller et al. (1991) re-introduced the push-out test and the testing procedure selected
for the present investigation used that model'. The model has been shown to be effective and reproducible (Haller et al.
1993). Another advantage of this method is that it allows root canal sealers to be evaluated even when bond strengths are
low. During chemo-mechanical preparation, a layer of debris, the smear layer, is formed. Current theories of dentine bonding
mechanisms involve either chemical modification of the smear layer and bonding directly to it, or removal of the smear layer
and bonding to subjacent tooth structures (Yu et al. 1993). Some studies have shown that removal of the smear layer enhances
the adhesion of sealers to the root canal walls (De Gee et al. 1994, Pecora et al. 2001).

The smear layer can act as a reservoir or substrate for microorganisms (Pashley 1984), and can also block the extension of
sealer tags into the dentinal tubules'? , thereby decreasing micromechanical adhesion (Kouvas et al. 1998). In the current
study, 17% EDTA was used during and after instrumentation to remove the smear layer. All five of the groups tested showed
measurable adhesive properties'® . Wang et al. stated that despite the kind of sealers or obturation techniques used, the sealer
penetration percentages into the dentinal tubules of the root canal increases from the apical to the coronal part due to the
amount of eliminated smear layer in the coronal portion of the root canal. Moreover, dentin in the coronal, intermediate, and
apical portions has variable surface energies, in conjunction with challenges experienced during the complete removal of the
smear layer from the apical region.

The current study produced results that merit discussion. First and foremost, application of a decalcifying agent improved
bond strength and sealing ability of the epoxy resin root canal sealer under investigation — AH Plus103. There is but one
logical explanation for this result: AH Plus is able to bond to the organic phase of the root dentine, most likely in the collagen
network. However, this effect was abolished when sodium hypochlorite was applied subsequently as the final irrigating
solution. The point is that a final NaOCI flush after EDTA has been recommended based on the appearance of root canal
walls after cleaning and shaping, and final irrigation (Yamada et al. 1983, Baumgartner & Mader 1987). A final sodium
hypochlorite flush.

has two effects, which may be responsible for the decrease in epoxy resin bond strength to dentine and the resulting increase
in leakage!®. First, sodium hypochlorite will remove organic material from the exposed dentine surface (Marending et al.
2007). Second, sodium hypochlorite breaks down to sodium chloride and oxygen. Oxygen causes strong inhibition of the
interfacial polymerization of methacrylate resins (Munksgaard et al. 1985). The polyaddition reaction during the curing of
epoxy resins, however, is not affected by oxygen. On the other hand, the generation of oxygen bubbles at the resin—dentine
interface may directly interfere with resin infiltration into the tubules® . In the present study, endodontic irrigation syringe
with Ultra sonic Irrigation System was used. The rate of flow for each irrigant was standardized to 1 ml/30 s of time period.
In our study EDTA showed higher bond strength, which is in concurrence with previous studies that have employed NaOCl
followed by 17% EDTA as final irrigants?'?* . EDTA showed higher bond strength followed by HEBP, the possible reason
might be due to the removal of smear layer. Smear layer removal procedures allow the sealer penetration into the dentinal
tubules and thus could increase the dentin bond strength of resin-based sealer as well as an enhanced seal.?!,* .Other possible
reason might be the depth of demineralized zone, which is a critical factor. Garcia-godoy et al,>*showed that the EDTA
created demineralized dentin zone about 2- 4um deep. Being a soft chelating agent, HEBP creates demineralized dentin zone
less compared to EDTA.

Among the irrigants, 17% EDTA demonstrated the highest push-out bond strength values followed by 18% HEBP, 2.25%
PAA, and Distilled water with all the sealers at all the root levels?®>. However, the difference between EDTA and HEBP was
not statistically significant, whereas other irrigants showed significant differences at all root levels. This could be attributed
to the fact that 17% EDTA effectively removed the smear layer that allowed the penetration of the resin into the open dentinal
tubules, hence, creating an efficient microretention?®?’. Hashem et al. and Neelakantan et al. 2® found out that the surface
treatment with 17% EDTA favors the adhesion of resinous AH Plus. Since 18% Etidronic acid is a soft chelating agent and
produces less depth of demineralized dentin, it facilitates the complete infiltration of resins through exposed collagen
fibers.?®Therefore, this reason might have possibly resulted in comparable bond-strength values between EDTA and HEBP
in this study. In accordance to the current findings, Kandaswamy et al. 2’ found nonsignificant differences between 18%
HEBP and 17% EDTA when used with AH Plus sealer.

Peracetic acid (PAA), has been widely used for disinfecting medical equipment, among other items. It is fast and effective
against bacteria, fungi, spores, and viruses, even in the presence of organic matter.?*3*3! PAA has been used as single
endodontic irrigant throughout eastern Europe. A recent study showed that when used as a single endodontic irrigant, 1%
PAA shows an antibacterial efficacy similar to that of 2.5% NaOCI and 2% chlorhexidine against Enterococcus faecalis.*
Another study showed that 4% PAA kills and dissolves significantly mixed biofilms in a manner similar to that of 2.5% and
5.25% NaOCl.48 In addition to its antibacterial effectiveness, PAA has the capacity to remove the smear layer when used as
a final rinse after the use of NaOCI.>"*?Its antibacterial effectiveness associated with its capacity for removing the smear
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layer has made PAA a possible alternative to be used as single irrigant, which would simplify and speed up root canal
preparation. Nevertheless, while PAA presents the potential for use as a root canal irrigant> , there is no evidence of its effect
on the cleaning of the root canal and of the quality of the endodontic filling following its use. In this study among irrigants,
2.25% PAA showed inferior push-out bond strength values because of its highly acidic pH (pH = 2.5), which resulted in
more calcium elution from the root canal dentine. Taneja et al. 3 reported that irrigation with 2.25% PAA caused the highest
calcium loss from the root dentin that resulted in reduced microhardness when compared with 17% EDTA.

The smear layer formed during root canal preparation is composed of both inorganic and organic substances that may also
contain bacteria and their by-products. The smear layer may prevent intracanal medications from penetrating into the root
canal system and influence the adaptation, bond,*>*¢ and penetrability of root canal sealers into root dentin. 37 The protocol
most commonly used for removing the smear layer is the alternate use of NaOCl and EDTA. The lowest push-out bond
strength values were evident in control group (Distilled water), in which the smear layer was kept intact indicating the
negative effects of undisturbed smear layer on push-out bond strength values.

However, it has been shown that epoxy resin cements such as AH Plus, Epoxy Seal, Adseal, Dia-proseal, and RC Seal have
higher bond strength to root dentine than methacrylate sealers (Gesi et al. 2005, De-Deus et al. 2009)*. Furthermore, epoxy
resin sealers have higher bond strength to the core filling material than other types of sealers (Lee et al. 2002).
Methacrylatebased root canal sealers undergo significant volumetric shrinkage during the polymerization process (Souza et
al. 2009). Epoxy resin sealers, in contrast, do not shrink when they cure (Orstavik et al. 2001, Souza et al. 2009). Interestingly,
there appears to be an impact of irrigating protocols on the adhesion of sealers to root dentine (De-Deus et al. 2008, Nunes
et al. 2008, Pinna et al. 2009). Epoxy resin sealers have been used because of their reduced solubility apical seal and micro-
retention to root dentine.

It has been theorized that the adhesiveness of epoxy resin-based sealers to root dentine is related to covalent bonds between
epoxide rings and the exposed amino groups in the collagen network (Fisher et al. 2007). Consequently, it could be so that
the collagen network needs to be exposed and minimally preserved to improve bond strength (Nunes et al. 2008). Root
dentine is differentially affected by calcium chelating agents and the proteolytic sodium hypochlorite (Mai et al. 2010, Zhang
et al. 2010). The type of decalcifying agent has a significant impact on the root dentine wall: EDTA will cause a complete
demineralization of the exposed wall, whilst organic acids cause a mineral gradient (Lottanti et al. 2009). The latter dentine
condition could yield itself better to resin infiltration (Prati et al. 1990). The treatment goal remains to prevent oral pathogens
from colonising and re-infecting the root and periapical tissues and to thereby maintain long-term periapical health.>

Among all the five sealers, the highest push-out bond strength values were shown by AH Plus followed by Epoxy Seal,
followed by Adseal, Diaproseal and the least was found in RC Seal with all the irrigants at all root thirds, and the differences
between all three of them were statistically significant. The possible reason for the higher values of AH Plus could be
attributed to its inherent volumetric expansion property that resulted in the formation of a covalent bond between sealer and
exposed amino groups of root dentin by an open epoxide ring that showed photopolymerization.3”*° In a study Rahimi et al.
4lfound out that epoxy resin-based sealers showed higher bond strength values.

In the present study, apical third showed significantly higher push-out bond strength value followed by cervical and middle
for AH plus sealer. Although the tubule density decreases from coronal to apical region, the circular cross-section of root
canal at apical third might had provided higher resistance to dislodgment forces during the testing. On the other hand, coronal
and middle portion has oval or even flattened root canal sections88. These variations in the root canal anatomy might lead
to misfit of the main gutta-percha and lead to impaired bond strength.

Baldissera et al. 4> compared the effects of different irrigants on sealer-dentin bond strength when using RealSeal and stated

that higher bond strength was observed in apical portion in comparison to coronal and middle regions. Contrary to this,
clinical trials by Paque et al. (2006),*® Lottanti et al. ?° reported the highest bond strength in the coronal region in comparison
to apical region. The possible explanation for such contrasting findings might be because of the use of positive pressure
irrigation technique in their studies.

5. CONCLUSION

Mandibular premolars were tested in this study to evaluate the Push-Out Bond Strength of various sealers. AH Plus sealer,
regarded as the gold standard, consistently showed superior bond strength across all root levels. Epoxy sealers outperformed
Adseal, Dia-Proseal, and RC Seal in this aspect. Among the irrigation agents, EDTA and HEBP demonstrated significantly
higher bond strength compared to PAA and distilled water, with AH Plus consistently exhibiting better performance than all
other sealers. Notably, AH Plus showed the highest bond strength at the apical third, followed by the coronal and then the
middle third. In contrast, EpoxySeal, Adseal, Dia-Proseal, and RC Seal displayed the highest bond strength at the apical
third, followed by the middle and least at the coronal third. These findings highlight the superior efficacy of EDTA and
HEBP, particularly in enhancing the apical bond strength of AH Plus, suggesting the need for further long-term clinical
studies using similar irrigation protocols and sealers to confirm these results
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